Natural hazards not only cause direct losses of household income and assets but also affect the choice and outcome of livelihood strategies. Based on the questionnaire survey from 2007 on Mw 6.1 Ning'er earthquake-hit areas in Southwest China, we analyzed the relationship between livelihood assets (or capitals) and livelihood strategies of local rural households and identified the main factors influencing the choice of livelihood strategy. The results indicate that statistically significant differences exist in livelihood assets among livelihood strategies. The choice of livelihood strategies is affected significantly by the status of livelihood assets. High financial capitals enable households to engage in higher-returns or capital-intensive livelihood activities. Improving vocational education and skills training for rural residents, especially for the youth, is also important in developing new livelihood strategies beyond their traditional lifestyle. Higher social capitals provide households the opportunity to select a higher return and income livelihood strategy. In addition, as part of efforts to enhance physical capitals, housing construction planning and technical guidance are of critical importance to improve the anti-seismic performance of rural buildings and decrease their livelihood risk in earthquake-prone areas. It is important for farmers to improve and diversify their livelihood strategies according to regional geographical environment and the comparative advantages of their own livelihood assets.
Introduction
The human and economic losses induced by natural disasters has increased considerably over the past decades. In addition to losses in household income and livelihood assets, natural disasters may also influence the choices and outcomes of livelihood strategies [1] . The frequently occurred disasters affect risk perceptions and preferences of local households, limiting or changing their future livelihood choices [2, 3] . For example, residents may be more inclined to low-risk, low-return activities to avoid losses in a high-risk environment [4, 5] , but might also hinder livelihood recovery [6] . Developing livelihood adaptation strategies to high-risk environment is beneficial for enhancing livelihood diversity and resilience, maintaining household's livelihood security and improving livelihood recovery after disasters.
The capability of households to choose different livelihood strategies is affected by the characteristics of their livelihood assets or capitals. The adaptation strategies based on livelihood assets are beneficial for maintaining diverse livelihood choices and improving livelihood resilience [7, 8] . Although many studies have pointed out that it is important to understand the relationships between livelihood strategy not only determines the current livelihood outcomes of households but also affects the sustainability of their future livelihood. In this paper, taking 2007 Mw 6.1Ning'er earthquake-hit areas as an example, we analyzed the differences of livelihood capitals among various livelihood strategies, quantified the relationship between livelihood capitals and strategies and identified the main factors affecting the choice of livelihood strategy. This study would provide useful insight into the choice of livelihood strategy in the earthquake-affected area.
Data and Method

Research Area
This study focuses on Ning'er County, southern Yunnan Province, China, which was the main area struck by the Mw 6.1 earthquake in 2007. This earthquake damaged many buildings; killed 3, injured more than 300 and affected 536,000 populations [34] . The disaster area reached up to 3890 km 2 . The number of households affected by this earthquake was up to 31,919, accounting for 60.5% of the households in Ning'er County (Figure 1 ). The total area of the Ning'er County is 3670 km 2 , including six towns and three townships. The total population is 195 thousand with 55.5% minorities. In 2015, the GDP of the county was 4.27 billion RMB. The disposable income per capita was 23,852 RMB and 8125 RMB for urban and rural residents, respectively.
Ning'er County is located in an earthquake-prone area due to its complex geological structure and faults. Table 1 lists 6 historic earthquakes with Ms 6.0 and above happened in this area. The frequently occurred earthquakes have caused enormous human and economic losses in this area. The total area of the Ning'er County is 3670 km 2 , including six towns and three townships. The total population is 195 thousand with 55.5% minorities. In 2015, the GDP of the county was 4.27 billion RMB. The disposable income per capita was 23,852 RMB and 8125 RMB for urban and rural residents, respectively.
Ning'er County is located in an earthquake-prone area due to its complex geological structure and faults. Table 1 lists 6 historic earthquakes with Ms 6.0 and above happened in this area. The frequently occurred earthquakes have caused enormous human and economic losses in this area.
Sustainable Livelihood Approach
The choice of livelihood strategy is directly affected by households' livelihood assets endowment, determining future economic development and well-being. To achieve the sustainable livelihood development, it is necessary to understand the status of households' livelihood assets and the interaction Sustainability 2019, 11, 5905 4 of 18 between family livelihood assets and external environment. The asset-based Sustainable Livelihood Approach (SLA) is a suitable tool for understanding rural livelihood and identifying driving factors of sustainable rural development and poverty reduction [35] . The SLA considers both tangible (including resources and stores) and intangible assets (such as claims and access), which are crucial to build a livelihood [36] . The SLA has proven useful for assessing the capability of households to deal with external shocks, such as natural disasters, climate change and disease [9] [10] [11] [12] 35] . It has also been used as a prominent tool in many developmental programs to reduce poverty and livelihood vulnerability in rural households [37, 38] . 
Livelihood Capital Indicators for Rural Households
Livelihood capital (or asset), including both material and social resources relative to household livelihood, is the core of the livelihood analysis [39] . The sustainable livelihood framework divides livelihood capitals into five categories, including human capital (such as skills, knowledge, health), physical capital (e.g., basic infrastructure and household devices), natural capital (natural resource, including farmland, water, crops and so on), financial capital (such as deposit, income, bonds) and social capital (social resources and network, including degree of trust, reliability and others). These five livelihood assets are the key elements of SLA (The details could be found in the papers from Chambers & Conway [36] and DFID [39] ). Based on the classification and preliminary research, we establish the main indicators of livelihood capitals for rural households in Ning'er earthquake-hit area ( Table 2 ). In this study, percentage of male, percentage of healthy adults and percentage of highly educated people in the household are considered as the indicators of human capital. The building structure of households is selected as the indicator of physical capital due to its importance on maintaining building safe and family development in the earthquake-affected area. The building structure was assigned a value from 1 to 5 based on its seismic performance. Crop area per capita was considered as the indicator of natural capital. The indicators of financial capital include annual family income and household savings in this study. The diversity of funds and material sources is used to assess social capital in this study. The indicator of funds and material sources was assigned with a value from 1 to 5 based on amount of available ways to get funds and material after disaster.
To quantitatively assess the livelihood capital or asset, we developed a livelihood capital index (LCI) for rural households' livelihood based on SLA framework. The LCI uses a weighted average approach, to distinguish the impact of different capitals on LCI. We standardized each indicator of the LCI to ensure all indicators on the same scale. The standardization was based on the following equation:
where LC jm represents the normalized value of m indicator in the j capital; LC jm indicates the initial value of m indicator in the j capital. Then, we calculated the average value of livelihood capital j using simple average, to avoid the impacts caused by the different number of indicators in livelihood capital components.
Finally, the LCI of rural household i could be represented by:
where LCI i indicates the overall livelihood capital index of rural household i. W j represents the weight of livelihood capital component j. LC ij represents the livelihood capital j of rural household i.
The derived LCI values are between 0 and 1, where a lower LCI value indicates a lower livelihood capital level. The weight of each livelihood capital component was determined using Principal Component Analysis (PCA), one of the most widely methods to objectively assign the weights of variables. This method included the following major steps: first, analyzing the principal components of the variables (livelihood capital j) to obtain the variance of each component and component score coefficient matrix; Then, calculating the coefficient of each variable in the linear combination of different principal components; Third, based on the variance contribution of each component, calculating the coefficient of each variable in the comprehensive score; Finally, obtaining the final weight (W j ) of each variable by normalizing the coefficient of each variable ( Table 2 ). The analysis could be conducted using SPSS software.
Livelihood Strategy
Livelihood strategy is a collection of livelihood ways and activities for people to pursue livelihood goals, such as income, security and well-being [36, 40, 41] . Livelihood activity is the concrete manifestation of the rural household's livelihood strategy. However, the classifications of livelihood strategies were not consistent among different studies because of complex livelihood activities of rural households. The most widely used classification is to divide livelihood strategies through household income sources [23, 42] . If farming is the main livelihood activity, farming income is the main income source of the household and this household could be classified as agricultural household. On the contrary, if non-farming, such as business and occupation work, is the main livelihood activity, this household would be classified as non-agricultural household. Mixed households mean that their income sources include both farming and non-farming incomes. We adopted this classification in our study. Specifically, the classification criteria include: (1) agricultural households: income sources are all from farming income; (2) non-agricultural households: income sources are all from non-farming income; and (3) mixed households: income sources include both farming and non-farming incomes. 
Multinomial Logistic Regression
We applied a multinomial logistic regression (MLR) to determine the key factors affecting asset-based livelihood strategies. The MLR model is more suitable for analyzing the dependent variable with multiple unordered categories. The MLR model can be represented as:
where P ij indicates the probability of household i choosing livelihood strategy j among n strategies. χ i is the case-specific regressor of observed livelihood capitals for household i. For comparative reference, the β i of one strategy category (reference category) was assigned a value of zero and the coefficient was then explained according to the reference category [43, 44] .
Because the aim of this study focuses mainly on the effects of livelihood assets on livelihood strategies, livelihood asset components and livelihood strategies are treated as independent and dependent variables in the model, respectively. In the analysis, the regression coefficient and odd-ratio values are used to evaluate the influence of livelihood assets on livelihood strategies. Using the data from the agriculture strategy as the reference, the regression coefficient represents the effect of one asset on the probabilities of choosing one livelihood strategy. The odd-ratio value indicates the probability degree of choosing one livelihood strategy in relation to the reference strategy when one asset indicator change.
We used Variance Inflation Factor (VIF) and the tolerance to examine multi-collinearity among independent variables. The results showed that the VIFs were <1.2 and the tolerances of all variables were >0.1, indicating that multi-collinearity is not a major problem among variables.
Questionnaire Investigation and Data Processing
Questionnaire Investigation
A questionnaire-based survey and interviews were conducted for this study based on the Sustainable Livelihoods Framework, a framework that has been widely used for vulnerability assessment [39, 45, 46] . The contents of questionnaire are divided into three parts (Table 3 ): (1) the personal characteristics of the respondents; (2) the livelihood assets of households; and (3) the livelihood strategy choice of households. To ensure the quality of the response, we selected the household head, who usually know more about the livelihood status than other family members, as the questionnaire respondent in this study. A combined cluster and random sampling method was used to select the respondents. Deducting uncompleted questionnaire, we received 311 valid questionnaires completed by the respondents in 23 villages. The effective response rate was up to 97.2%. The sample number is sufficient to meet the needs of a 95% confidence level and 0.05 sampling error [26] . Table 4 lists the basic characteristics of the questionnaire respondents: 69.75% male and 30.25% female respondents because most headers of rural families are male in China. About 63.37% of the respondents were 30 to 50 years old. Han, Yi and Hani are the main ethnicity, accounting for 92.28% of the total respondents. In terms of the education level, nearly 80% (77.20%) of the respondents only had attended primary school or secondary school; 22.80% had a high school or above diploma, indicating relatively low educational level of local rural residents. 
Data Processing
The survey data were first input and managed in the Epidata Software System. We then evaluated the connection between livelihood capitals and strategy choices. The procedures of data analysis include: Firstly, we conducted a quantitative estimation of livelihood capitals for local rural households. Next, we analyzed their livelihood strategy choices. The last step was to assess the impacts of livelihood capitals on livelihood strategy choices and identify key impact factors for the selection of livelihood strategies in local households. of the total respondents. In terms of the education level, nearly 80% (77.20%) of the respondents only had attended primary school or secondary school; 22.80% had a high school or above diploma, indicating relatively low educational level of local rural residents. 
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Results
Livelihood Capital Level of Local Rural Households
The Characteristics of Livelihood Capitals among Different Livelihood Strategies
The endowments of households' livelihood capitals determine the choice of livelihood strategies. The allocation of livelihood capitals is important for a household to select a certain livelihood strategy. The differences of livelihood capital endowments exist among different strategies. Table 5 shows the characteristics and differences of livelihood capital endowments among different strategies in the studied area. 
Human Capital
As shown in Table 5 , statistically significant difference (p < 0.001) exists in the percentage of family members with high education levels among different livelihood strategies. The percentage of members with high school degrees or above (31.20%) in non-agricultural households is over three 
The Characteristics of Livelihood Capitals among Different Livelihood Strategies
Human Capital
As shown in Table 5 , statistically significant difference (p < 0.001) exists in the percentage of family members with high education levels among different livelihood strategies. The percentage of members with high school degrees or above (31.20%) in non-agricultural households is over three times and nearly two times higher than those in agricultural households (9.58%) and mixed households (16.21%), Sustainability 2019, 11, 5905 9 of 18 respectively. The agricultural households have the highest male percentage (50.22%) but the difference of the male percentage is not significant among different livelihood strategies. The difference of the percentage of healthy adults is statistically significant (p < 0.05) among different strategies. The highest percentage is in the mixed households (75.80%), whereas the lowest percentage is in agricultural households (67.45%). The difference of the human capital index (HCI) is also statistically significant (p < 0.05) among different livelihood strategies ( Figure 3 ). The HCI of mixed households (0.43) is higher than those of non-agricultural (0.39) and agricultural households (0.38).
Physical Capital
As shown in Table 5 , there is statistically significant difference (p < 0.001) in the structure index of buildings among different strategies. The structure index of buildings is the highest in non-agricultural households (2.61), over two times higher than that in agricultural households (1.20) and one time higher than that in mixed households (1.53) . The difference in physical capital index (PCI) is also statistically significant (p < 0.001) among different livelihood strategies ( Figure 3 ). The PCI of non-agricultural households (0.57) is higher than those of mixed (0.23) and agricultural households (0.12). This indicates that, relative to the other two livelihood strategies, the buildings of non-agricultural households have better anti-seismic performance to mitigate the earthquake disaster risk.
As illustrated in Figure 4 , >80% of the buildings are assigned to the earth/wood structure (EA/WD buildings). The remaining buildings (about 20%) are constructed using brick and wood (BR/WD buildings) in the households with agricultural livelihood strategy. In terms of mixed households, the percentage of EA/WD buildings reduced to 59.34%, whereas the percentage of BR/WD buildings increased to 31.87%. In addition, 4.95% and 3.85% of the buildings were constructed using brick and concrete (BR/CE buildings) and reinforced concrete (RE/CE buildings), respectively. The percentage of EA/WD buildings significantly reduced to 15.22% in non-agricultural households. The percentages of BR/CE and RE/CE buildings significantly increased to 23.91% and 26.09%, respectively, in the non-agricultural livelihood strategy. In general, the resilience of RE/CE and BR/CE buildings to earthquakes is much higher than that of BR/WD and EA/WD buildings. Our results suggest that the anti-seismic performance of the buildings in non-agricultural households is better than those of the other two livelihood strategies.
Sustainability 2019, 11, x FOR PEER REVIEW 9 of 18 times and nearly two times higher than those in agricultural households (9.58%) and mixed households (16.21%), respectively. The agricultural households have the highest male percentage (50.22%) but the difference of the male percentage is not significant among different livelihood strategies. The difference of the percentage of healthy adults is statistically significant (p < 0.05) among different strategies. The highest percentage is in the mixed households (75.80%), whereas the lowest percentage is in agricultural households (67.45%). The difference of the human capital index (HCI) is also statistically significant (p < 0.05) among different livelihood strategies (Figure 3 ). The HCI of mixed households (0.43) is higher than those of non-agricultural (0.39) and agricultural households (0.38).
As shown in Table 5 , there is statistically significant difference (p < 0.001) in the structure index of buildings among different strategies. The structure index of buildings is the highest in non-agricultural households (2.61), over two times higher than that in agricultural households (1.20) and one time higher than that in mixed households (1.53) . The difference in physical capital index (PCI) is also statistically significant (p < 0.001) among different livelihood strategies (Figure 3 ). The PCI of non-agricultural households (0.57) is higher than those of mixed (0.23) and agricultural households (0.12). This indicates that, relative to the other two livelihood strategies, the buildings of non-agricultural households have better anti-seismic performance to mitigate the earthquake disaster risk.
As illustrated in Figure 4 , >80% of the buildings are assigned to the earth/wood structure (EA/WD buildings). The remaining buildings (about 20%) are constructed using brick and wood (BR/WD buildings) in the households with agricultural livelihood strategy. In terms of mixed households, the percentage of EA/WD buildings reduced to 59.34%, whereas the percentage of BR/WD buildings increased to 31.87%. In addition, 4.95% and 3.85% of the buildings were constructed using brick and concrete (BR/CE buildings) and reinforced concrete (RE/CE buildings), respectively. The percentage of EA/WD buildings significantly reduced to 15.22% in non-agricultural households. The percentages of BR/CE and RE/CE buildings significantly increased to 23.91% and 26.09%, respectively, in the non-agricultural livelihood strategy. In general, the resilience of RE/CE and BR/CE buildings to earthquakes is much higher than that of BR/WD and EA/WD buildings. Our results suggest that the anti-seismic performance of the buildings in non-agricultural households is better than those of the other two livelihood strategies. 
Natural Capital
As shown in Table 5 , the difference between crop planting area per capita among different livelihood strategies is significant at the 0.001 level. The residents of agriculture strategy have 
As shown in Table 5 , the difference between crop planting area per capita among different livelihood strategies is significant at the 0.001 level. The residents of agriculture strategy have higher access to crop planting area per capita (12.93 acre) than those of mixed (12.13 acre) and non-agriculture (5.33 acre) strategies. Farming is the principle livelihood choice for local households, especially for those with agriculture strategies. Even for the households with non-agriculture strategies, farming also plays an important role in livelihood. Rice, tobacco, tea, vegetables and fruit are the main crops in the area. Looking at the natural capital index (NCI), the difference is also significant at the level of 0.001 among different livelihood strategies (Figure 3 ). The NCI of agricultural households (0.19) is higher than those of mixed (0.16) and non-agricultural households (0.08).
Financial Capital
As expected, non-agriculture strategy has much higher annual family income and household savings than the two other strategies ( Figure 5 ). The annual family incomes of >50% of non-agricultural households (54.35%) are >10 thousand RMB, much higher than the percentages of mixed (9.89%) and agricultural households (3.66%). The percentage of non-agricultural households with annual family income below 5 thousand RMB is 23.91%, lower than those of mixed (56.59%) and agricultural households (79.27%). The trends of household savings are similar among three livelihood strategies. The percentages of the households with no deposit are >50% in all three strategies. These results indicate that the overall Financial capital is low for local rural households but the Financial capital of non-agricultural households is better than those of mixed and agricultural households. The ANOVA analysis (Table 5 ) showed a significant statistical difference (p < 0.001) exists in annual family income among different strategies. The difference of household savings is also significant (p < 0.05) among different strategies. If we look at the financial capital index (FCI), the difference is significant (p < 0.001) among different strategies ( Figure 3 ). The FCI of non-agricultural households (0.49) is significantly higher than those of mixed (0.37) and agricultural households (0.29).
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Social Capital
As shown in Table 5 , the difference is statistically significant (p < 0.01) among the number of ways for getting funds and materials in different livelihood strategies. The average number (2.09) of mixed households to get funds is higher than those in non-agricultural (1.89) and agricultural households (1.65). Particularly, about 50% of agricultural households only have one way to get funds and materials. In contrast, 36.81% of mixed and 39.13% of non-agricultural households could get funds and materials from two ways. Furthermore, the proportion of mixed and non-agricultural households with three or four ways to get support are much higher than those of agricultural households ( Figure 6) . The difference of the social capital index (SCI) is also statistically significant (p < 0.01) among different strategies (Figure 3 ). The SCI of mixed households (0.52) is higher than those of non-agricultural (0.47) and agricultural households (0.42) in the study area. 
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The Effects of Livelihood Capitals on Livelihood Strategies
Social capitals
Fund and material sources 0.675 *** 0.000 1.965 0.531 ** 0.031 1.701 a . agriculture is the reference strategy; Likelihood Ratio Test of Model: Chi-Square = 117.422; DF = 18; Sig. = 0.000; Pseudo R-square: Cox and Snell = 0.312; Nagelkerke = 0.368; McFadden = 0.199; *** significant at the 99.9% confidence level; ** significant at the 99% confidence level; * significant at the 95% confidence level. Table 6 also shows a positive correlation between the percentage of healthy adults and the possibility of engaging in mixed livelihood strategies. The chance of adopting mixed strategies would increase 9 times as one-unit grow in the percentage of healthy adults. Physical capital is also significant positively correlated with the livelihood strategies choice. The households with RE/CE and BR/CE buildings might be more predisposed to adopt the mixed and non-agriculture strategies than the households with BR/WD and EA/WD buildings. Social capital is also a type of asset that is contribute to the choice of mixed and non-agriculture strategies. The higher social capital, the more local residents tend to select mixed and non-agriculture strategies. The growth of one-unit social capital is likely to increase the selection chance of mixed and non-agriculture strategies 1.97 and 1.70 times, respectively. Financial capital has the most important effect on promoting the selection of mixed and non-agriculture strategies. A significant positive correlation exists between annual family income and the possibility of choosing mixed and non-agriculture strategies. The adoption chance of mixed and non-agriculture strategies is likely to grow 15.80 and 133.05 times, respectively, as one-unit increase in annual family income. As expected, natural capital has a significant impact on promoting the adoption of agriculture strategy. One-unit increase in crop planting area per capita might increase the probability of selecting agriculture strategy 37.04 times.
Discussion
Key Influencing Factors on Livelihood Strategy Choice in Earthquake-Affected Area
An earthquake could severely affect the households' livelihood system, reducing household income and intensifying poverty. The choice of livelihood strategy is of importance for local households to reduce livelihood poverty and recover after the disaster in the earthquake-affected area. It is of great significance to identify the key factors affecting the choice of livelihood strategies for improving the livelihood development and diversifying the livelihood strategies of local residents.
Our findings revealed that financial capital is one of the most important assets in selecting non-farming strategies, such as non-agriculture and mixed livelihood strategies. This result is basically aligned with other relative studies [47] . Financial resources play an essential role in the allocation and conversion among livelihood capitals. However, the accesses of rural residents to financial resources were extremely low in our study area. The annual family income of 79.93% households is <10 thousand RMB. More than 80% (82.68%) of household savings are <10 thousand RMB. Moreover, compared to mixed and non-agriculture strategies, the financial capital in the households of agriculture strategy is the lowest.
Similar to other studies [48] [49] [50] , our study also indicated that the rural households with a high percentage of healthy adults favor the adoption of mixed livelihood strategy. The healthier adults there are, the more likely they have enough manpower to engage new livelihood activities. In addition, our results showed that the education level of family members also plays an important role in the choice of household livelihood strategies. The education level of family members has a positive impact on facilitating the adoption of mixed and non-agriculture strategies. However, the overall education level of local rural area is low, the average percentage of family members with high school degrees or above only accounting for 16.55% of the total. Generally, more educated family members are more likely to engage in high-returned work or occupation, such as business sector. Due to the low education level, the livelihood activities pursued by local rural households mainly focus on farming, work outside or retail and other business, which require less education but are low-return and low-income. These results are also consistent with other studies for developing countries [51, 52] .
Social capital is another important factor to promote livelihood strategy diversification. The more the sources of fund and materials, the easier to choose and adopt mixed and non-agriculture strategies. Due to social capitals include all the resources residents could get from social networks, more social resources mean more chance and higher social power to choose the livelihood activities.
Physical and natural capitals also have the significant effects on household livelihood strategies choice. Generally, relative to BR/WD and EA/WD buildings, the resilience of RE/CE and BR/CE buildings to earthquake is much higher but the cost for building RE/CE and BR/CE buildings is also higher than those for BR/WD and EA/WD buildings. Therefore, the households with RE/CE and BR/CE buildings might be easier to adopt mixed and non-agriculture strategies than the households with BR/WD and EA/WD buildings, to earn much higher income for supporting family expenditure. Natural capitals facilitate engagement in agriculture strategy, because farming continues to play an important role in the livelihood activities of rural residents and most farmers still rely on natural capitals for their livelihoods [53, 54] .
Policy Suggestions on Improving Livelihood Diversification
Farming is the main livelihood activities of most rural households, which rely mainly on the natural capital, in developing countries [39, 55] . However, farming is usually a low-return activity with less possibilities for livelihood recovery after a disaster. Because of the low capability of livelihood capitals accumulation, these rural households could only rely on limited livelihood asset (or capital) to engage in traditional agricultural activities. The products produced might only be self-sufficient and meet their own needs in daily life. This is a traditional livelihood strategy for small-scale farming that they have to adopt under the constraints of their own livelihood assets and external environment. These households engaging in the traditional agricultural livelihood activities would be more vulnerable to natural disaster. Their livelihood characteristics is high risk, low income and strong vulnerability. To increase livelihood outcomes and improve the stability of livelihood, livelihood diversification has become an important way for farmers to reduce poverty and increase home income.
Livelihood diversification is a process in which farmers construct a combination of diversified livelihood activities and social support, in order to meet the needs of maintaining and improving household livelihood level [40] . Livelihood diversification likely increases household resilience and promotes livelihood recovery after a disaster [56, 57] . Diversifying livelihood has been considered as a useful way to reduce poverty and improve livelihood circumstance in many developing countries. There is a significant positive correlation between livelihood asset endowment and livelihood diversification level of agricultural households [41, 58] . Improving the allocation and conversion level among livelihood capitals is an effective method to promote livelihood diversification in the rural area of China.
As analyzed above, financial capital is one of the most essential assets to pursue livelihood strategy. Financial capital could not only be easily converted into other capitals but also be directly used as the achievement of livelihood outcome. Financial capitals mainly include the family income and the accesses to formal and informal credit sources. As expected, non-agriculture and mixed livelihood strategies have higher income and saving levels than agriculture strategies. Choosing higher-return livelihood strategies could result in more family income than lower-return strategies. Therefore, it is necessary to increase financial capitals, including formal and informal loans, especially for agriculture livelihood strategies, to promote rural households in adopting new livelihood strategies, such as businesses and mixed activities. It is recommended that policy makers provide credits and financial assistance to those households who plan to initiate new livelihood activities.
Second, improving the level of human capitals, such as education and technical training, is also important for rural households to develop new livelihood strategies. Due to the requirement of high education level, it is difficult for the households with lower educated members to participate in capital-intensive work or occupation. The low educated residents might only have to engage in the livelihood strategies in which they have work skills and experience. As a result, they are more likely to continue their current lower-return livelihoods. Our results showed that the percentage of members with high school degrees or above in non-agricultural households is over three times higher than that in agricultural households. The education level in agricultural households is the lowest in the three strategies. The choice of livelihood strategies is closely related to family background. Considering human capitals are the key determinant factors in adopting livelihood strategies, it is necessary to made constant efforts to provide higher education and skill training for rural residents. Additionally, vocational planning and guidance is also important for the rural youth. Policymakers should consider developing specific vocational education and skills training policies for the youth, especially those engaging in agricultural strategies, making them have the chance to explore and choose other livelihood strategies.
Third, increasing social capitals is another important policy intervention for rural households to choose new livelihood strategies. Richer social capitals could provide much more social resources and power. For local households, especially agriculture households, participating in local social institutions and groups, such as Rural Cooperatives institutions or Economic Mutual Assistance Group and even becoming a membership of those social groups might be an important and practical way to improve their social capitals. People with the memberships of most social groups could get more social information, such as employment opportunities, business information and so forth. The memberships in social groups or organizations could also lead to more social influences and power, which might increase the chances to participate in higher-return and higher-income livelihood strategies. Our results revealed that the households with agriculture strategies have the lowest social capitals. One possible explanation is that the households with agriculture strategies have the lower education and economic level in the study area. Generally, it is necessary for people to have an acceptable level of education and family income to join a social group. At the same time, lower education and economic level will also affect the initiative and enthusiasm of residents to join various social organizations. As a result, in many of cases, the opportunities of the households with agriculture strategies to join these groups were very low, which directly lead to the reduction of their social capitals. Therefore, encouraging agricultural households to actively participate in various local social organizations or groups and formulate one-to-one assistance policies, to improve their livelihood skills and knowledge, is of great practical significance for enhancing their livelihood resilience and enriching their livelihood diversification.
In addition, it is important for the households to improve the anti-seismic performance of house construction and reduce the losses of lives or property caused by earthquakes. However, it is common that most rural house buildings have poor anti-seismic performance in China. In the event of an earthquake, house buildings might be seriously damaged, endangering the livelihood security. For policy makers, it is necessary to provide specific housing construction planning, drawings and technical guidance for rural areas, to enhance the anti-seismic performance of rural house buildings and decrease the livelihood risk.
Finally, for the households in the earthquake-affected area, purchasing family disaster insurance is important to reduce livelihood risk and enhance livelihood flexibility. Disaster insurance is an effective way to decrease the effects of disasters on household livelihoods and promote post-disaster recovery of livelihoods. However, our preliminary investigation found that over half of the households (53.18%) have never bought insurance for their family or property. Weak insurance awareness and lack of funds are two main factors affecting residents' purchase of disaster insurance. Thus, it is of great significance to raise disaster insurance awareness by speeding up the publicity and earthquake insurance promotion. On the other hand, decreasing the insurance costs, to encourage rural residents to purchase insurance, are also of great significance for enhancing the recover capacity to earthquake, reducing the impacts of earthquakes on household livelihood. Although the pilot work of earthquake insurance has been launched in Dali, Yunnan in 2015, the effects of its implementation and the degree of acceptance by residents still need further investigation. The efforts to develop the adaptive insurance ways and improve resident's insurance awareness should continue to be enhanced in the future.
Without a doubt, there are many ways for farmers to diversify their livelihoods. In addition to the transformation to non-agricultural livelihood activities, the internal diversification of agriculture livelihood could also be implemented in the areas with good endowment of agricultural resources. Policymakers should guide the farmers to improve their livelihood strategies and realize the livelihood diversification transformation, according to the regional geographical environment and the comparative advantages of farmers' own livelihood assets.
Conclusions
The study analyzed the characteristics of livelihood assets (or capitals) among different livelihood strategies and estimated the effects of livelihood assets on the selection of livelihood strategies in Ning'er earthquake-stricken area. The results showed statistically significant differences in the livelihood assets among three livelihood strategies in local rural households. The livelihood capital level of the agricultural households is generally the lowest in the three livelihood strategies. The endowment of household livelihood assets has a significant impact on the choice of livelihood strategies. Financial capitals, social capitals and physical capitals have significant positive correlations with non-agricultural and mixed strategies choices. As expected, natural capital have a positive influence on the choice of agriculture strategy. In terms of human capital, percentage of healthy adults and members with high education has a significant positive effect on the selection of non-agricultural and mixed strategies.
High financial capital could enable households to engage much higher-return or capital-intensive livelihood activities. It is of importance to increase financial capitals, including formal and informal loans, to promote households to initiate new livelihood strategies and develop livelihood diversification. Rich human capitals could provide more opportunities for local residents to develop new livelihood activities. Youth vocational education and skills training, especially for the youth engaging in agriculture strategy, should be given priority in future policy making. Higher social capitals could provide higher social resources and influence, which might also increase the opportunity to select a higher-returns and higher income livelihood strategy. Encouraging rural households to actively participate in local social organizations or groups and formulate one-to-one assistance policies, is also of great practical significance for enhancing their livelihood resilience and promoting their livelihood diversification. It is also necessary for policy maker to provide housing construction planning and technical guidance, to enhance the anti-seismic performance of rural house buildings and decrease their livelihood risk. Additionally, increasing disaster insurance awareness, decreasing the insurance costs, encouraging rural households to purchase insurance, is also important to reduce livelihood risk and enhance livelihood flexibility in the earthquake-prone area. Finally, although the ways for farmers to diversify their livelihood are various, improving the livelihood strategies according to the regional geographical environment and the comparative advantages of farmers own livelihood assets or capitals, is the realistic basis for realizing the transformation of farmers' livelihood diversification.
There are some limitations of this study. The most notable limitation is the evaluation indicators were designed for earthquake-affected area and chose based on the available data in local rural communities. As a result, the evaluation indicators system might not be directly applied to other areas. More detailed work is necessary to include refined indicators, the classifications of livelihood strategy, the livelihood asset dynamic changes as the improvement and update of survey data in the future. For example, in the future work, we would try to improve the livelihood assessment indicator system of rural households based on the sustainable livelihood framework, integrating the concepts of vulnerability assessment. For each type of livelihood capitals, not only the quantity of capitals (such as area, number, output and so on) but also the quality of capitals (such as performance, level, degree and so on) could be considered. The sources of family income and the specific types of livelihood activities rural residents engage in, might be taken into account in the classification of household's livelihood strategies. 
